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Abstract We are studying the properties of Niobium Silicon amorphous alloys
as a candidate material for the fabrication of highly sensitive Kinetic Inductance
Detectors (KID), optimized for very low optical loads. As in the case of other
composite materials, the NbSi properties can be changed by varying the relative
amounts of its components. Using a NbSi film with Tc ≈ 1 K we have been able
to obtain the first NbSi resonators, observe an optical response and acquire a spec-
trum in the band 50 to 300 GHz. The data taken show that this material has very
high kinetic inductance Lk and normal state surface resistivity ρn. These properties
are ideal for the development of KID. More measurements are planned to further
characterize the NbSi alloy and fully investigate its potential.
Keywords Kinetic Inductance Detectors, mm-wave detectors, superconducting
properties
1 Introduction
First proposed in 2003 by the Caltech-JPL group1 , Kinetic Inductance Detec-
tors (KID) have developed rapidly, reaching in the recent years a maturity level
that already makes them ideal candidates for ground based astronomy. This has
been shown for example by the NIKA experiment operating at millimetre wave-
lengths2. The NIKA detectors have been designed and optimized for working
under high optical load. The background emission due to the atmosphere at the
IRAM 30-m telescope site (2850 meters a.s.l. in the Sierra Nevada, Spain) is about
5 to 10 pW per pixel at 150 GHz. The NIKA detectors are based on Lumped El-
ement resonators3, whose geometry has been modified in order to make them
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2dual-polarization sensitive4. A thin (18nm) Aluminum film has been used to in-
crease the value of Lk, and a strong coupling to the CPW feedline has been chosen
to cope with the expected variations in the optical load, due mainly to variations
in the atmospheric emissivity.
Building on this experience, we have started considering the possibility of us-
ing KID for space based missions. In space, the background power on the detectors
and the signal that we expect to measure are up to two orders of magnitude lower
than the ones observed on ground. The pixel design and fabrication therefore need
to be thoroughly revised, starting from the choice of the materials used. Titanium
Nitride has been first deployed in 2010 to make superconducting resonators5. The
physical properties of Ti1−xNx, such as its critical temperature Tc, can be changed
by appropriately choosing the amount x of nitrogen present. Ti1−xNx has shown a
surprisingly high value of kinetic inductance, Lk ≃ 20pH/, and of normal state
surface resistivity, ρn ≃ 100µΩ cm5. The consequently high kinetic inductance
fraction α = Lk/Ltot increases the responsivity of the detectors, making lower
values of Noise Equivalent Power (NEP) achievable. In the case of LEKID, the
larger ρn represents a further advantage, as it makes directly coupling to the in-
coming radiation, in particular at shorter wavelengths, easier to achieve leading
to increase optical efficiency. While undoubtedly a promising material, TiN has
also some major drawbacks, in particular for what concerns the uniformity of the
film composition and of its electromagnetic properties across wide areas, which
are essential to fruitfully deploy the material for the fabrication of large arrays of
detectors. Developments are ongoing, mainly in the US, in order to solve these
problems. In this paper, we describe our first investigations for an alternative so-
lution. For that, we take advantage of the long experience accumulated in France
on NbSi films6.
2 Device fabrication
As in the case of Ti1−xNx, the properties of Niobium Silicon alloys (NbxSi1−x) de-
pend on the relative abundance of the components. This alloy exhibit a metal to in-
sulator transition for x≃ 9% . Above this value, the critical temperature grows lin-
early with x. Thus, NbxSi1−x can be used both for the fabrication of high impedance
bolometers7 and of Transition Edge Sensors (TES)8, 9. The films are deposited at
CSNSM by co-evaporation of pure Nb and Si under ultra-high vacuum conditions.
For our first test we chose a film thickness t = 50nm, and a value of x≃ 18%. This
corresponds to an expected Tc of ≃ 1K, well matched to the base temperature of
our dilution refrigerator and ideal for operation at millimetre wavelengths, starting
from frequencies as low as ≃ 70GHz.
The design used for the first devices is a classical, single polarization sensi-
tive LEKID geometry. The mask used had been actually designed for aluminum
detectors. Some parameters of our device, such as the impedance of the CPW
(CoPlanar Waveguide) feedline and the matching to the incoming radiation, were
thus not optimized. Even though this leads to reflections on the line and poor opti-
cal efficiency, it does not represent any hindrance for establishing the fundamental
properties of the compound under test.
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Fig. 1 (Color online) Resistivity of the Nb.18Si.82 as a function of temperature. The scatter of
the data is due to the measurement system changing the readout current as a consequence of the
rapid resistivity variation. The transition is evident at T ≃ 1.05K. The residual normal resistance
of the line just above the transition is 550kΩ .
3 Electrical properties
The first measurements have been carried out under dark conditions, with the chip
mounted on the cold plate of a dilution refrigerator. The base temperature of this
system is around 100mK. The resistance of a RuO2 thermometer mounted on the
cold plate is read using a four wire configuration. At the same time, and using the
same configuration, we can monitor the resistivity of the CPW line used to excite
the resonators. As shown in figure 1, the transition is observed at T ≃ 1.05K,
in very good agreement with our expectations. The transition is relatively sharp,
i.e. less than 10 mK. The feedline has an overall length l ≃ 110mm and a width
w = 20µm. Thus, we estimate the normal state resistivity of Nb.18Si.82 to be as
high as ρn ≃ 500µΩ cm.
During a second cooldown, we connected the chip to the RF readout chain
to be able to perform frequency sweeps with a Vector Network Analyzer (VNA).
We can clearly identify the resonances, in a frequency interval lying between 500
and 900MHz. For comparison, the very same resonator design lead, for t = 50nm
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Fig. 2 (Color online) Comparison between one of the observed resonances and the simulations
carried on a pixel having exactly the same geometry and Lk values ranging between 22.5 and
25pH/sq.
4Aluminum films, to the resonances lying in the 1.5 ∼ 2GHz range. This imme-
diately indicates a large value of Lk. To actually estimate the kinetic inductance
value we perform a series of simulations using the SONNET software, and vary
Lk in order to find the resonant frequencies near to the observed ones. The result is
shown in figure 2, and it indicates that in our alloy Lk ≃ 23pH/sq, which is com-
parable to the values obtained using Ti1−xNx. The shape of the resonances was
strongly asymmetric because of the impedance mismatch due to the feedline, so
that getting reliable estimates of the internal quality factor Qi was not possible.
4 Optical properties
We then mounted the Nb.18Si.82 chip in the cryostat designed for optical mea-
surements, which is actually a copy of the one used for the NIKA camera at the
IRAM 30m telescope. We measured the effect of observing two different black-
body sources, one at 300K and one at 50K. The latter is obtained by means of a sky
simulator 10, based on a dedicated Pulse Tube cooler. As can be seen in figure 3,
the frequency shift induced by the different optical loads is ∆ f = 1.7MHz, which
corresponds to a responsivity of R≃ 7kHz/K. For comparison, using pixels of the
same size but made of thin Al films (12 ∼ 20nm), and for the same variation of
optical load, we obtained R≃ 1kHz/K at most.
As a final step, we performed an absorption spectra to compare the proper-
ties of Nb.18Si.82 to those of other materials tested before. In this case a Martin-
Pupplett Interferometer (MPI) is placed in front of the entrance lens of the cryostat.
The MPI allows us to make spectra up to a few THz with a resolution which is
typically set to 3GHz. The results show an interesting analogy with an effect that
we had previously observed in TiN. As can be seen in figure 4, the behaviour of
composite materials and that of a pure material like Al are remarkably different
at frequencies below the cutoff value νgap = 3.5kbTc/h. In the case of Al we ob-
serve, as expected, a very sharp cutoff at νgap, below which the material cannot
absorb any incoming radiation as the photons are not energetic enough to break
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Fig. 3 (Color online) Effect of a change of optical load on the Nb.18Si.82 detectors. A frequency
shift of ∆ f = 1.7MHz is measured when passing from a 300K to a 50K blackbody. The different
values of S21 below and above the resonances are a consequence of the off-resonance level not
being flat. This is due to the standing waves introduced by the impedance mismatches in the
readout line.
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Fig. 4 (Color online) Absorption spectra for different materials. It is evident the different be-
haviour of compounds like TiN and NbSi, whose absorption reduces smoothly below the gap
frequency, from that of a pure metal like Al, which on the contrary shows a sharp cutoff at
νgap. The differences at higher frequencies are due to the different low-pass filters mounted in
the various cooldowns and to the position of the λ/4 backshort that we mount to increase the
absorption efficiency of our samples.
a Cooper Pair. This is in agreement with the classical description of a supercon-
ductor as a material with a well-defined energy gap dividing the superconducting
carriers from the unpaired electrons. On the other hand, both for Nb.18Si.82 and for
TiN, no clear cutoff is evident, although we still observe a clear suppression of ab-
sorption efficiency for frequencies well below νgap. Possible explanations might
be the presence of sub-gap states in compound materiales, or inhomogeneities in
the deposited films leading to local variations of the critical temperature11. This
point clearly needs further investigation to understand the underlying physical pro-
cesses, before adopting such materials as the baseline for satellite missions.
5 Future prospects
Although the first results are very encouraging, more work needs to be carried
out to confirm the potential of this alloy. In particular, the mask we used was not
optimized for such a highly inductive material. This had two main consequences:
first of all, the CPW feedline impedance was not 50Ω , so that strong reflections
were present along the readout chain, leading to the onset of standing waves in
the circuit affecting the uniformity of the detectors performances. And second,
the resonances were shifted at frequencies well below 1GHz, out of the optimal
operating range of the RF setup used. For this reason we have now designed a
dedicated mask for this material, which has been optimized starting from the mea-
sured values of ρn and Lk. With these new detectors we will be able to deepen our
knowledge of the properties of NbxSi1−x alloys, and to obtain noise measurements
and information about the quasiparticle lifetime, τqp, and internal quality factor,
Qi.
66 Conclusions
We have tested the eletrical and optical properties of a new kind of alloys, NbxSi1−x.
This compound offers advantages similar to those of Ti1−xNx, in particular the
possibility to tune Tc changing x and very high values of Lk and ρn. We made
samples starting from a 50nm film of Nb.18Si.82, and measured Tc ≃ 1.05K, ρn ≃
500µΩ cm and Lk ≃ 23pH/sq. The responsivity is also particularly high, R ≃
7kHz/K, especially considering that the geometry was not optimized for match-
ing the free space impedance.
NbxSi1−x has therefore many properties that make it ideal for Kinetic Induc-
tance Detectors working at very low optical powers. In order to confirm the po-
tential of this alloy, further measurements need to be carried out, in particular for
what concerns its noise, the quasiparticle lifetime, and the Qi that can be achieved.
To this end we have now designed a dedicated mask, optimized starting from the
properties of the first film tested, which will allow us to better qualify this material
and confirm its suitability for satellite based missions.
Acknowledgements This work is been partially funded by the CNRS under an ”Instrumenta-
tion aux limites 2013” contract, by the ANR under the contract NIKA and by the CNES R&D
program BSD. This work has been partially supported by the LabEx FOCUS ANR-11-LABX-
0013.
References
1. P. Day, H. G. LeDuc, B. A. Mazin et al., Nature 425, 817-820 (2003).
2. A. Monfardini et al., these proceedings, (2013).
3. S. Doyle, P. Mauskopf, J. Naylon et al., Journal of Low Temperature Physics
151, 530, (2008).
4. M. Roesch, A. Benoit, A. Bideaud et al., arXiv:1212.4585, (2012).
5. H.G. Leduc, B. Bumble, P. Day et al., Applied Physics Letters 97-10, 102509,
(2010).
6. S. Marnieros, PhD Thesis, (2008).
7. A. Bideaud B. Belier, A. Benoit et al., Experimental Astronomy 32-2, 179,
(2011).
8. C. Nones, S. Marnieros, A. Benoit et al. Astronomy & Astrophysics 548, A17,
(2012).
9. J. Martino et al., these proceedings, (2013).
10. A. Monfardini, A. Benoit, A. Bideaud at al., Astrophysical Journal Supple-
ment Series 194, 2, 24 (2011)
11. B. Sace´pe´, C. Chapelier, T. Baturina et al., Physical Review Letters 101,
157006 (2008)
